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Herein, we extend the scope of our work to allylic 1,4-dicarbamates 3, in which symmetry is broken by an additional substituent R' on the double bond. Cyclization on 3 is a challenging issue since two regioisomers, 4 or 5 are possible (Scheme 2). We were interested in the preferential formation of carbamates 4, potential precursors of quaternary amino acids after the oxidative cleavage of the double bond. In particular, we envisaged that when R' = Ph in 3, the ionization of the carbamate group on C(4), leading to 4, will be favored for steric and electronic reasons. Thus, the Ph group could better extend the conjugation of the transient π-allylic cations in a Pd(0)-catalyzed process.
Scheme 2. Cyclization of dicarbamates 3
Thus, we embarked on a study aimed to obtain compounds 3 (with R' = Ph) and their further transformation into the 
quaternary carbamates 4. We wish to report herein our findings in this connection.
As expected, starting chiral diols 1 were readily desymmetrized by reaction with phenylboronic acid in the presence of [Pd(PPh 3 ) 4 ]. 5 As observed in Scheme 3, diols 6a-d were isolated in 50-78% yield with complete Z selectivity using 2% mol of Pd catalyst and 10% mol of AcOH in dioxane. 6 Diols 6 were quantitatively transformed into dicarbamates 3 by treatment with tosyl isocyanate (2 equiv.) in CH 2 Cl 2 .
Scheme 3. Preparation of 2-phenylalk-2-ene-1,4-diols, 6.
We chose 3b as a representative model to test the cyclization step. We first applied to 3b the experimental conditions used for the Pd(0)-catalyzed intramolecular Nalkylation of 2. 3a Unfortunately, the expected quaternary compound 4b was not observed ( 7 Although in some cases the overall yields of cyclic carbamates were acceptable, mixtures of regio-and stereoisomers were always obtained.
We then moved to other low valent metal complexes that were able to give allylic alkylation via π-allyl complexes looking for a better control of regioselectivity. Among others, Mo, 8 Ir 9 or Ni 10 derivatives, are less efficient catalyst for allylic substitution than Pd(0)-complexes. As a result, high temperatures and longer reactions times are usually required. However, these complexes often showed regio-and stereoselectivities quite different from those recorded in palladium complex-catalysed allylic aminations.
11 In practice, the treatment of 3b with 20% mol of [Mo(CO) 6 ] or [Mo(CO) 4 
(bpy)]
12 in refluxing toluene afforded preferently isomer 5b in low yields (Table 1 , entries 4 and 5). The use of an Ir(0)-catalyst generated as described in the literature in some examples of intermolecular allylic amination 9b,c gave only the undesired isomer 5b (entry 6). 13 The most favorable results were obtained with Ni(0) catalysts. To our knowledge only a few Ni(0)-catalyzed allylic aminations have been reported 14 In sharp contrast with our previous attempts, the quaternary carbamates 4 were readily obtained with complete regioselectivity, and high stereoselectivity, 16 albeit in low yield (entries 7 and 8). With Ni(0) catalyst showing promise, we performed the reaction heating in a microwave oven to accomplish the consumption of the starting material. 17 To our satisfaction, 4b was isolated in 58% yield and a remarkably 92:8 diastereomeric ratio (entry 9). 18 In As shown in Scheme 4, this new Ni(0)-catalyzed process was extended to dicarbamates 4a, 4c and 4d with complete regioselectivity but in moderate yields. As far as the diastereoselectivity is concerned, a similar trend of ~9:1 ratio was observed when R was α-branched, and slightly lower for a smaller R (4a).
We then considered using a Lewis acid to promote the cyclization. 19 Lu et al recently described the cyclization of allylic dicarbamates using Pd(AcO) 2 and LiBr in THF. 20 We presumed that in compounds 3, the Ph group could act as directing group by stabilizing the positive charge in the benzylic position (Scheme 5). As expected, treatment of 3c with Pd(AcO) 2 and LiBr in refluxing THF yielded the expected product 4 with total regioselectivity but low stereoselectivity (entry 1, Table 2 ). Once again, the use of microwave heating was beneficial since the ratio 4b/4'b was improved to 80:20 (entry 2). We also attempted the use of palladacycles 7-9 as a source of Pd(II). 21 Palladacycles are organometallic compounds of growing interest in catalysis. 22 Remarkably, the performance of 7 was comparable to or even slightly better than that obtained with the above mentioned Ni(0) catalyst (Table 2, entries 9 and 10). These positive preliminary results and the structural variety of palladacycles, indicated that there is room for future improvements in this field.
Finally, in order to demonstrate the value of compounds 4 in synthesis, we successfully transformed 4c into quaternary amino acids 11 and 14 (Scheme 6). Thus, ozonolysis of 4c followed by oxidation of the crude aldehyde 10 with NaClO 2 23 gave protected α-amino α-phenyl β-hydroxy acid 11. On the other hand, aldehyde 10 was reduced and then the resulting primary alcohol 12 was protected as acetate 13. Ruthenium-mediated oxidation 24 of the phenyl group afforded the α-amino β,β'-dihydroxy acid 14. It should be noted that the substructure of the α-amino α-hydroxymethyl β'-hydroxy acid is present in a number of bioactive natural products such as myriocin, mycesterycins, and sphingofungins. 
